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ABSTRACT

The mutagenic potential of triethylene monohexyl ether (SR16-);
3-(N-n-butyl-N-acetyl)aminoprojionic acid ethyl ester (M3534*);-
proprietary compound (RH-398 ~; N,N-diethyl-m-toluamide (DEET );
N-(n-hexyl) glutarimide (CHR3 )was assessed by using the Ames
Salmonella/mammalian Microsome Mutagenicity Assay. Tester strains TA
98, TA 100, TA 1535, TA 1537 and TA 1538 were exposed to doses ranging
from 1 ul/plate to 3 .2 x lf4ul/plate for DEET, RH-398, and CHR3; and
10 jil/plate to 3.2 x 10 ul/plate for all other test compounds. It
was determined that none of the test substances had mutagenic behavior
at the levels tested.
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PREFACE

AMES ASSAY REPORT:

SUBSTAN~CE CODE NO.

triethylene glycol monohexyl ether SRI6
3-(N-n-butyl-N-acetyl)aminopropionic M3535
acid ethyl ester
proprietary compound RH-398
N,N-diethyl-m-toluamide DEET
N-(n-hexyl)glutarimide CHR3

TESTING FACILITY: Letterman Army Institute of Research
Presidio of San Francisco, CA 94129

SPONSOR: Division of Cutaneous Hazards
Letterman Army Institute of Research

PROJECT: More Effective Topical Repellents Against Disease Bearing
Mosquitoes 3M62272A810

GLP STUDY NUMBER: 81004

STUDY DIRECTOR: LTC John T. Fruin, D.V.M., PhD
PRINCIPAL INVESTIGATORS: SSG Freddica R. Pulliam, BS

SP5 Leonard J. Sauers, BA

RAW DATA: A copy of the final report, study protocol, and retired SOPs
will be retained in the LAIR Archives. Test compounds were
provided by the sponsor. Chemical, analytical, stability,
purity, etc. data are available from sponsor.

PURPOSE: To determine the mutagenic potential of triethylene glycol
monohexyl ether; 3-(N-n-butyl-N-acetyl)aminopropionic acid
ethyl ester; proprietary compound RH-398; N,N-diethyl-m-
toluamide; N-(n-hexyl)glutarimide, by using the Ames Salmonella/
Mammalian Microsome Mutagenicity Test. Tester strains TA 98,
TA 100, TA 1535, TA 1537, and TA 1538 were used.
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Rationale for using the Ames Assay

The Ames Salmonella/Mammalian Microsome Mutagenicity Test is one
of a standard bank of tests used by our laboratory for the assessment
of the mutagenic potential of a test substance. It is a shurt-term
screening assay for the prediction of potential mutagenic agents in
mammals. It is inexpensive when compared to in vivo tests, yet is
highly predictive and reliable in its ability to detect mutagenic
activity and therefore carcinogenic probability (I). It relies on
basic genetic principles and allows for the incorporation of a
mammalian microsome enzyme system to Increase sensitivity through
enzymatically altering the test substance into an active merabolite.
It has proven highly effective in assessing human risk (I).

Description of Test (Rationale for the selection of strains)

The test was developed by Bruce Ames, Ph.D. from the University
of California-Berkeley. The test involves the use of several differ-
ent genetically altered strains of Salmonella typhimuriun, each with a

specific mutation in the histidine operon (2). The test substance
demonstrates mutagenic potential if it is able to revert the mutation
in the bacterial histidine operon back to the wild type and thus
reestablish prototrophic growth within the test strain. This
reversion also can occur spontaneously due to a random mutational
event. If, after adding a test substance, the number of revertants
is significantly greater than the spontaneous reversion rate, then
the test substance physically altered the locus involved in the
operon's mutation and is able to induce point mutntions and genetic

damage (2).

In order to increase the sensitivity of the test system, two
other mutations in the Salmonella are used (2). To insure a higher
probability of uptake of test substance, the genome for the
lipopolysacchride layer (LP) is mutated and allows larger molecules
to enter the bacteria. Each strain has another induced mutation
which causes loss of excision repair mechanisms. Since many
chemicals are not by themselves mutagenic but have to be activated by
an enzymatic process, a mammalian microsome system Is incorprrated.
These microsomal enzymes are obtained from livers of rats induced
with Aroclor 1254; the enzymes allow for the expression of the
metabolites in the mammalian system. This activated rat liver
microsomal enzyme homogenate is termed S-q.
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Description of Strains (History of the strainsused, m(,thods to
monitor the integrity of the organisms, and data pertaining to
current and historical control lnd _sjontaneous revers!on rates)

The test consists of using five differenr strains of Salmonella
typhimurium that are unable to g-w Tin aisence of hisi (dine because
of a specific mutation in " c hrst d~n .cro. This histidine
requirement is verified by vti'mpting to grow the tes'cr striins on
minimal glucose agar (MGA) plates, both with and without hlstidine.

The dependence on this amino acid is shown when growth occurs only in
its presence. The plasmids in strains Tt 98 and Ti 100 contoin an
ampicillin resistant R factor. Strains dei'cient Jn this plasmid
demonstrate a zone of inhibition around an 3mpicillin impregnated
disc. The alteration of the LP layer allows uptake by the Salmonelli
of larger molecules. If a crystal violet Impregnated disr is placed
onto a plate containing any one of the bactcriil strains, a zone of
growth inhibition will occcur bcecaus, the LP layer is altered. The
absence of excision repair mechanisms can be determined by using
ultraviolet (UV) light. These mechanisms functinn primarily by
repairing photodimers between pyrimidine ba-e-, exposure of bacteria
to UV light will activate the formation of these dimers and cause

cell lethality, since excision of these photodimers can not be made.
The genetic mutation resulting in UV sensitivity also induces a
dependence by the Salmonella to biotin. Therefore, this vihamn must
be added. In order to prove that the bacteria arp responsivc to the
mutation process, positive controls are run with known !:ulWageas. If
after exposure to the positive control substance, a larger number of
revertants are obtained, then the bacteria is adequately responsive.

Sterility controls are performed to determine the presence of
contamination. Sterility of the test compound is also confirmed in
each first dilution. Verification of the tester qtrains occurs

spontaneously with the running of each assay. The value of the
spontaneous reversion rate is obtained using the same "noculum of
bacteria that is used in the assay (3).

Strains were obtained directly from Dr. Ames, University of
California-Berkeley, propagated and thn maintained at -80 C in our
laboratory. Before any subtancer wa; tepted, quality controls were
run on the bacterial strains to establish the validity of their
special features and also to determine the spontaneous reversion rate
(2). Records are maintained of all the data to determine if
deviations from the set trends have occurred.

We compare the spontare-us c"I-,ers;on values with our own
historical values and these -ited by Ames, et al (2). Our
conclusions are based on the soontan.u." reversion rate compared to
the experimentally Induced rate of muv-3tion. When operating

effectively, these strains letect substances that cause base pair
mutations (TA 1535, TA 100) and frameshift mutations (TA 1537, TA

1538 and TA 98) (2).



METHODS (3)

Rationale for Dosage Levels and Dose Response Tabulations

To insure readable and reliable results, a sublethal
concentration of the test substance had to be determined. This
toxicity level was found by using MGA plates, various concentrations

of the substance, and approximately 10, cells of TA 100 per plate,

unless otherwise specified. Top agar containing trace amounts of
histidine and biotin were placed on MGA plates. TA 100 Is used
because it is the most sensitive strain. Strain verification was
confirmed on the bacteria, along with a determination of the
spontaneous reversion rate. After incubation, the growth was
observed on the plates. (The auxotrophic Salmonella will replicate a
few times and potentially express a mutation. When the histidine and
biotin supplies are exhausted, only those bacteria that reverted to
the prototrophic phenotype will continue to reproduce and form
macrocolonies; the remainder of the bacteria comprises the background
lawn. The minimum toxic level is defined as the lowest serial
dilution at which decreased macrocolony formation, below that of the
spontaneous revertant rate, and an observable reduction in the
density of the background lawn occurs.) A maximum dose of 1 mg/plate
is used when no toxicity is observed. The densities were recorded as
normal slight, and no growth.

Test Format

After we have validated our bacterial strains and determined the
optimal dosage of the test substance, we began the Ames Assay. In

the actual experiment, 0.1 ml of the particular strain of Salmonella

(ade cells) and the specific dilutions of the test substance are
added to 2 ml of molten top agar, which contained trace amounts of
histidine and biotin. Since survival is better from cultures whizh
have just passed the log phase, the Salmonella strains are used 16
hours (maximum) after initial inculation into nutrient broth. The

dose of the test substance spanned a 1000-fold, decreasing from the
minimum toxic level by a dilution factor of 5. All the substances
were tested with and without S-9 microsome fraction. The S-9 mixture
which was previously titered at an optimal strength was added to the

molten top agar. After all the ingredients were added, the top agar
was vortexed, then overlayered on minimum glucose agar plates. These
plates contained 2% glucose and Vogel Bonner "E" Concentrate (4). The
water used in this medium and all reagents came from a polymetric

system. Plates were incubated, upside down in the dark at 37 C for
48 hours. Plates were prepared in triplicate and the average
revertant counts were recorded. The corresponding number of

revertants obtained was compared to the number of spontaneous
revertants; the conclusions were recorded statistially. A correlated
dose response is considered necessary to declare a substance as a
mutagen. Commoner (5), in his report, "Reliablilty of Bacterial
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Mutagenesis Techniques to Distinguish Carcinogenic and
Non-Carcinogenic Chemical," and McCann et al (1) in their paper,
"Detection of Carcinogens as Mutagen: Assay of over 300 Chemicals,"
have concurred on the test's ability to detect mutagenic potential.

Statistical Analysis

Quantitative evaluation was ascertained by two independent
methods. Ames et al (2) assumed that a compound which caused twice
the spontaneous reversion rate is mutagenic. Commoner (5), developed
the MUTAR Ratio, which is stated in the following equation:

MUTAR = (E - C)/CAV

Here, C is the number of spontaneous revertant colonies on control
plates obtained on the same day and with the same treatment and
strains. E is the number of revertants in response to the compound;

C A is the number of spontaneous revertants on conrol plates
caYculated from historical records. The explanation of the results
of this equation can be determined by the method of Commoner (5).
This variation determines the probability of correctly classifying
substances as carcinogens on the basis of their mutagenic activity.
The E values were recorded by strain, with and without S-9. Values
for C and C AV were recorded separately.

We used the formula and logged all values for our permanent records.

RESULTS AND DISCUSSION

Throughout this report, all the test substances will be referred
to by the respective code number:

Substance Code No

Triethylene glycol monohexyl ether SR16
3-(N-n-butyl-N-acetyl)aminopropionic acid-ethyl ester M3535
Proprietary compound RH-398
N,N-diethyl-m-toluamide DEET
N(n-hexyl)glutarimide CHR3

A series of assays was run to conclusively determine the

mutagenic activity of the five substances. On 6 April 1981, the
toxicity level was confirmed on test chemicals SRI6, M3535, DEET, and
RH-398. CHR3 was assessed on 10 April 1981. The repellents were



assayed using dosages ranging from 10 ul/plate to 10-6 ul/plate. All
sterility, positive, and negative controls were normal (Table I).
Quality control data for the assay with CHR3 is contained in that
for the Ames Assay of 10 April 1981 (Table 3A). Toxicity was

observed only in the initial doses for SRI6 and CHR3 (Tables 2A-2E).

On 10 April 1981, the Ames Assay was run on test substances
SRI6, M3535, DEET, and RH-398. Several instances of toxicity and
scattered mutagenicity were observed in respoe-e to DEET and RR-398,
so these test substances were reassayed on 28 Apr 81 using I ul/plate
as the initial dose. CHR3 was tested on 14 April 1981. The assay of
10 Apr 81 showed an expected response to all sterility and positive
control. The spontaneous reversion rates were normal when compared
to our historical data (Table 3A). On 14 April 1981, unexpected
results were obtained in response to positive control chemical
benz(a)pyrene (BP) for strain TA 1538. TA 1538 did respond normally
to aminoflourene (AF) and dimethyl-benzaanthracene (DMBA). The
spontaneous reversion rates were normal for all strains when compared
to our historical data (Table 3B). On 28 April 1981, all positive,
negative, and sterility controls were as expected. The spontaneous
reversion rate were also normal (Table 3C). On 19 August 1981, all
controls were normal except for the response of TA 1538 to DMBA
(Table 3D).

The mutagenic potential of SRI6 and M3535 were assessed on 10
April 1981. No evidence of such activity was observed (Table 4A-4B).

Test chemical DEET was assayed on 10 April 1981. The 10
ul/plate dose showed toxicity in all nonactivated strains.
Mutagenicity was observed for activated TA 1535 and the 2 ul/plate
level and for nonactivated TA 1535 at the 0.4 ul/plate dose (Table
4C). Due to these observations the repellent was retested on 28
April 1981. In that assay, only a numerical suggestion of
mutagenicity was seen for activated TA 1537 at the 0.2 ul/plate dose
and for activated TA 1538 at the 0.0016 al/plate level. No dose
response was observed (Table 4D).

RH-398 was assayed on 10 April 1981. At that time, mutagenicity
was observed for nonactivated TA 98 at the 10 ul/plate dose, and at
the 2.0 and 0.08 ul/plate for activated TA98. Due to the observed
sparse background lawn at the 10 ul/plate level, it was assumed that
the colonies formed were survivors rather than revertant. Activated
TA 100 at the 2.0 ul/ plate dose also showed mutagenic behavior. A
more than twice the spontaneous reversion rate was seen for activated
TA 1535 at the 10 ul/ plate through the 0.0032 ul/plate doses and
nonactivated from the 2.0 ul/ plate to 0.016 ul/plate levels (Table
4E). RH-398 was retested on 28 April 1981. At that time only
activated TA 1535 at the 1.0 ul/plate level showed any mutagenic
activity (Table 4F). Due to the fact that in the initial assay,

5



TAIO0, the more sensitive strain, did not react in the same way as TA
1535, and due to the atypical dose response our conclusions will be
drawn from the second assay. To be assured of repeatable results,
RH-398 was assayed again on 19 August 1981. At that time no evidence

of mutagenicity was observed (Table 4G).

CRH3 was tested on 14 April 1981. A doubling of the spontaneous

reversion rate occurred at the 0.008 ul/plate level for activated TA
98, TA 1535 and TA 1538. No dose response was seen (Table 4H).

The MUTAR values were calculated and are listed in Tables

5A-5H). Values over the 1.5 threshold occurred on 28 April 1981 for
test substance DEET at 0.2 ul/plate level for activated TA 1537. The
same occurred for RH-398 on 10 April 1981. Here nonactivated TA 1535
from 2.0 ul/plate through 0.016 ul/plate, activated TA 1535 at all

doses, and activated TA 98 at the 2.0 ul/plate level were above the
1.5 value.

CONCLUSIONS

For a substance to be mutagenic, several criteria must be met. A

more than doubling of the spontaneous rate and an obvious dose
response must be observed. None of the five test substances showed

these characteristics. Therefore, on the basis of the Ames Test,
SRI6, M3535, DEET, RH-398, and CHR3 are not mutagenic at the levels

tested.

RECOMMENDATIONS

We recommend that compounds SR16, M3535, RH-398, DEET, and CHR3

be tasted using other toxicological testing systems if efficacy tests
show those chemials to be promising repellents.
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I. L

STRAIN VERIFICATION FOR TOXICITY LEVTL DETERM1INATION
Salmone] la/tMicrosome Assay

Histidine Ampicillin uvr-B Crfa rystal Sterility Respons
Strain No. Requirements Resistance Deletion Violet Control (a)

TA 100 NG G N- 15. 8Omm NG -

TA 1537 NA 23.21ram NA NA 1NG +

WT G NA G NA NA +

' " ETOH/ j -

Diluent NA NA NA NA DMSO/NG

Positive Control: MNNG Average 5884
Test
Compound (s)

(a M3535 NA NA NA NA NG +

(b)DEET NA NA NA NA NG +

(c) SRI6 NA NA NA NA NG +

(e) RH398 NA NA NA NA NG +

(e) NA NA NA NA NA IA NA

G = Growth; NG = No Growth; NT = Not Tested; NA Not Applicable;
WT = Wild Type; (a) + Expected Response;- Unexpected Response

Spontaneous Revertants

Strain Time Average

100 Beginning NO S9 37 75 72 78

Test Inculated By: Sauers, Pulliam., Lewis Date 6 April 19811

Test Inculated By: Sauers, Pulliam. Lewis Date 6 April 1981

Test Read By: Sauers, Puiam Date 8__April 1981

10



TABLE 2A

TOXICITY LEVEL DETERMINATION
Salmonella/Microsome Assay

Substance assayed: (1) SRI-6 (2)

(3) (4) (5)

Date: 8 April 1931 Performed by: Sauers, Pulliam, Lewis

Substance dissolved in: (1) ETOH (2) (3)

(4) (5)
Visual estimation of background lawn on
Nutrient Agar Plates: NG = no growth

ST = slight growth
NL = normal growth

TA 100

Revertant Plate Count
Test Compound Background
Concentration Plate #1 Plate #2 Plate #3 Average Lawn

10 ul/plate 48 72 68 63 ST

I ul/plate 61 2 72 58 NL

0.1 ul/Dlate 59 59 69 62 N1l

0.01 ul/plate 38 53 57 49 NL

0.001 ul/plate 70 fi6 62 NL

0.0001 ul/plate 47 51q19 1 5U.

0.00001 ul/plate 56 6P 49 58 N1

0.000001 ul/plate Go SA 63 60 NL

11



'ALLL 2F

TOXICITY LEVEL DETERMINATION
Salmonella/Microsome Assay

Substance assayed: (1) fM-3535 (2)

(3) (4) (5)

Date: 8 April 1981 Performed by: Sauers, Pulliam, Lewis

Substance dissolved in: (1) FTOH (2) (3)

(4) (5)
Visual estimation of background lawn on
Nutrient Agar Plates: NG = no growth

ST = slight growth
NL = normal growth

TA 100
Revertant Plate Count

Test Compound Background
Concentration Plate #1 Plate #2 Plate #3 Average Lawn

10 ul/plate 52 58 72 61 NL

I ul/plate 56 68 44 56 NL

0.1 ul/plate 60 56 60 59 NLI

0.01 ul/plate 82 72 66 73 NL

0.001 ul/plate 36 54 48 46 N L

0.0001 ul/plate 54 52 58 55 NL

0.00001 ul/plate 48 56 44 49 NL

0.003001 ul/plate 46 43 52 47 NL

12



TABLE 2C

TOXICITY LEVEL DETERMINATION
Salmonella/Microsome Assay

Substance assayed: (1 RH-398 (2) _

(3) (4) (5)

Date: S April 19R1 Performed by: Sauier, Pulliam. Lewis

Substance dissolved in: (1) ETOH (2) (3)

(4) (5)
Visual estimation of background lawn on
Nutrient Agar Plates: NG = no growth

ST slight growth
NL normal growth

TA 100
Revertant Plate Count

Test Compound Background
Concentration Plate #1 Plate #2 Plate #3 Average Lawn

10 ul/plate 60 66 68 65 NL

I ul/plate 58 59 59 59 NL

0.1 ul/plate 54 58 53 55 NL

0.01 ul/olate 62 72 48 61 NL

0.001 ul/plate 20 41 52 38 NL

0aOf0 ul/plate 57 51 48 52 NL

0 -J1001 Iullplate GO 79 G6 65 N L

0-000001 ul/plate 74. 72 74 73 NL

13



TOXICITY LEVEL DETERMINATION
Salmonella/Microsome Assay

Substance assayed: (1) DEET (2)

(3) (4) (5)

Date: 3 April 1981 Performed b/: Sauers, Lewis, Pulliam

Substance dissolved in: (1) ETOii (2) (3)

(4) (5)
Visual estimation of background lawn on
Nutrient. Aqar Plites: NG = no growth

ST = slight growth

NL = normal growth
TA 100

Revertant Plate Count
Test Compound Background
Concentration Plate #1 Plate #2 Plate #3 Average Lawn

10 Ul/plate 63 60 52 58NL

1 ul/plate 84 77 101 87 I NL

0.1 ul/plate 76 48 46 57 ____L

0.01 ul/plate 43 39 44 42 I NL

0.001 ul/Dlate 59 39 38 42 - NL

0.0001 ul/Dlate 59 63 67 1 63 j NL__

0.00001 ul/late 69 48 54 57, NL

l.0000l ul/plate 59_.. I 2

14- _.

_ _ _ _ _ _ _ _--v - _ __ .... . . . ...
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TABLE 2E

TOXICITY LEVEL DETERMINATION
Salmonella/Microsome Assay

Substance assayed: (1) CHR3 (2)

(3) (4) (5)

Date: 10 April 1981 Performed by: Sauers, Pulliam, Mullen, Kellner

Substance dissolved in: (1) ETOH (2) (3)

(4) (5)
Visual estimation of background lawn on
Nutrient Agar Plates: NG = no growth

ST = slight growth
NL = normal growth

TA 100

Revertant Plate Count
Test Compound Background
Concentration Plate #1 Plate #2 Plate #3 Average Lawn

10 ul/plate TOXIC TOXIC TOXIC TOXIC NG

1 ul/plate 22 32 23 27 ST

0.1 ul/plate 62 58 46 55 NL

0.01 ul/plate 36 43 48 42 I NL

0.001 ul/plate 72 82 52 69 NL

0.0001 ul/plate 58 67 72 66 NL

0.00001 ul/plate 74 73 68 73 NL

0.00001 ul/plate 64 68 76 69 NL

15



pI;

%A iO - - C

4-' I 00CO-N

0. - I(N
0c 4-> ~ aO rO

4-)

oo co %

7--' 0C'J -

0)cO-. C\a cc..

4- Q( 4 - 0 r

LDC O -cC~

20 Lr, C\I -

-~~~0 CUt -~-'~

4-3 4-)~ 4 V M- -

~~ ~(U 0-,- - - -aoo
(L Cj a. Cif -NJ QD, *- r"

E" E)L- - " (a'X czr-
U ~ ~ N CC.0)1

4J> 0n 00 :- l- - - cc-I

S- LO LO LO::41 (3..-"CY ~
0 4-' LAL - 141 l )c

>' S- U) W*.- -

4- C:, 0 141 - -- (

-J-

(a m C-- -)-- ( COj

C. : , ,- COj C C)
-cu 7c - - ~ (

4-'" W W LAJ '0 4 ) X

': a W a.,
fu ("1,4 '0

4--' F-0)u) ) In ) 1,/I 0 (A

4ED C.13 Q3l E- cu40 -0

CL0( Z)O
4-4-4- 4- a)

C **0 WI

44-

-0 OEI r-C : . J' -)
c~ ~ ~ EQjC- ---

.- ~ ~ ~ . cu 0 rV

"a .LQ vIL .1 nv0 -

U'z 00 4)
ifIzC s. tI c- (U c

4- C O~~L LEI 0 > c I

8' 1:1: -1 4.- 0- C) 04C

:3) 1) 4--

0 S-



Q4-

0 4

Of<-))ko0 ) (n c LI) r

cc ~mn- cr

01

4-' '-~4-'C M

0') CJ-r LrI

4-')
0 ajra -ZI 0e

-:0 *-oD 0

CU c- Q) C=j r-..- c
4-) a)-r-C o 4. C: NeJ -' CDIN

0*-~4 U-'a.- o m). NCN l

S.- Lo0 C0 *C- m -c'l ,
4j4- 4-) n 0 fo-

0 rC: SJ,- - c

E. E=EC c z J0 :

4 ML C t ,- CD-o mc - - (NJ 0

c - a L.) C~ Cj a: Lf o Gn -I-

r.- ILIa) LI -nC ~ o l

coW -, CCC

Ej CLWL 0~)

LIC m C.-

a~ ) > u L N n r ~

-o LOor co o ~ C -)C

4-a4) a)) 4- C: a)

CU -

z

10 0o Z L o

4-'D C'OLLIII 0. 01w l 0 4-IW C 3
LI ~ ~ zl CD~-.-- wL) . (.) 4-jU.)

- U c j c'7

L 0'cc =CL uro +

0 S-



Co n - m

C++ 1+) .. C'C L.0

6 ki- C\J ,, t-

co co-
C.),

0 co

oZ: co- CZ~

(-0 Lod LD (z0C C\

W4 cd CO -. 0

4-))

0 (D CD '-z CIO 0rC
.1 C.DO nCD:t ..Djcn C m '" C) -C'C' C\-0

4 -C-): -l

c - i 0 C

wiJ er co L C-

-j V) -~

< - -I C. ( D ( .D 00 CVO 0' -O m Z

C5'U -0 M )r

Z ~ 'CO

-0 -7) -0
L- 'Uc c

41-c~ w - ' C,-

L/)I



0I
kCt i C

or 0 Cc

00.

C1 - :3g-
0 4-n

(-3 -04- I c - nI

ICD co

C\)

C:) . C ) (Z - r

C - c -

c-u C-~C C-I~

iz.-, (-1 CY) C~ .0 CD CDC CD(n1C2r
WL j Ij : .1 ~~~~~ -:7C)L; LC . r4 >, 4. C

c r, C CN :I

0.4-

u C) r-C)C ))

a) ~ ~ c4-l C
zrC 

C)

4-) -

Q0( 0 -0Lj Q> :
_ C~ cnn

4-'~ ~~~~~~ <CO fL I - ~. j
C1U M2W

180



. .~ . o0i zL O;zl s
40 m- ON m a CCJm'

CM C%. r -i

LZ

C;M

0. *0 c

(V 01 CM

4- 4U.- C\J!

to .tn ; - 1

c 3 ' 41 JmlM

S4~)

4-)4-'4-' O
'u u ~>

cu CLa C .

LO 0: 4-J C) CD CC.0' -00) M m FCM r-. 0fr- C0
M M~ :r s- ko .-o Lo r--=- "*

-z 'IO -Cc ,- C:M a.; 0o C)

0 0- DO CMi '.0 C)
0 L X) .OWI -. O - -

L.)> - N U 0 l-.

-44~ 4- )

UJ 4- Z. m. a, O

S.. 2f C C 0 r-a. JO
4.) D0 C) 10C- --

'U

(Uov 4n V

CDUc

0 .x

7.4'~~ C -

4CC 4J J J 3 -0

a4J 0 0 ::

'- 0OuS
50>

x 4-
0 S-

7 o.z0) 0) 0)
I-DC C:

-'0 ,; g-i C .1 .co
c *-:x'-C) CO LA Cl-

eo L r- co # A-i W

19



L) 0

0- 00'- C ~ c.

*c CJO - Lfl

o 0 *" i--:- (NJ- '., 0)

wo -- D -' -= m w

- \ o\ LO' r- ko L)k of- _ D-

o~j 0 10 i

.'- kD r-. C_

CA.0) (J N

UL >N (0j U) j '.0 (IQ'
'4 W - - Z- .- ,,

.0

@1 ..- .-

41

0,V A V) UA
IV 0 a) 0 w 0 a)

V (1) U)C

f - CL

4: 3

CD .0

ex1.

20



'04 C\J

a 0 - O - ena

Cl) U-) LACkC'

k -~ - r- M t. - - -

-ci z - l '

4 A ko 0N- t-0 c - cit) I-0

=3 -' C"..-4 ~ a CO

iJ 0; - C- - .,j O £

0 C14 £0 L

LA 10 v~1 A L

-1 -0 LO a) a) 10 a)

4J 4J-) 4A -)

o * a.a- a~ Ca.

O £00 C'J r- NJ NJ 1

* NJ I NI .- 1

0V

.~J I..

C21



0-~

u 0 0 '

~~ 0 ~- r-.. I- ~j-

0 u

0 )

0 t0>(~
- i.. l- u - 0 x< C. '. CZ

0.-c --.-
0 L0

e-n-

(n 0 - C'.

41'41 A L~-

(l r-_ c o co (\

oo -Oi '

EU -Iz C:) 00 ICo m X C

.1J 3 
L A

0

0J

0) ) 0n)-

2 ('.2



r- 00 00

a ' ~0 0 C \J* i '
C- -% ' Loc;.

con

Lnr I'- L c ; i n r; n

C)J in: ("aC; C17 (

4o -a- 0

- a l - - ;- - kal .

0 Dm CA Aj 0 - -*
C- -,t r ' n - -n a-) ko , (

A- C:)000 00 t.0
. ' n U')( C

o_ (04 C\C\ Coin Cl (0.'

0 ~ ~ C a)' 0 ) Is0l L 00 C) C

u >) CI M' Cj >~jrl

LLOJ

- -

c a

32

Ch v (A



x
0

x u

0

00C >C )

- 0 x' 
0

-d- C 
- -' -

CLH 0

K '-
0

0-

o ~ ~ m .-- L LCn~t

cc cc XO
0) -o .'-2.- . .

- C')j a 1) C\C' 0

Iu.-

40 C) - 0 -ko '. D

J-'~~1\ --- CJc') i ' C Q

0"

Zo V
*I- - ~ M

0 0 "t

4-' -3 ~

0 K ro a)o' aD. car--

CD c'.e' 
0

S.

Kt
2.4

o'.v " Lu

Sc

U cm

0 C -4



'.0 - Q. -
a-. - co a-i

a- C4 0 LO

- C 0 --t 00 , hC C.IJ- LO-CJ0 C\J I

Il L\A Coi C'.J -l

0-. i.0 tT L W
U~ ~ ~~~~ LAj mA IC . L A m A' A -0

0.

0 C-., C'- r - ke'.ir C' .,0

0', - .- L l : l

A' 0 1. LA 00 3

wu

(0C"! '.D m~ 00 00

40 00 03C- toL U'r- ~'co0 C4 :d- LOAN.
o > C C C'.. C". CN! C-. - c"! -C'. ! 03C"!

C'! LO . C" -C-)

q' 0

LO!
-j

< x
I-

V' 0 (L 0 4)0

V~ 4-) 4-)

0

SJ =

C)-

F- I- I
LA! Li! Li!
LA! Li! LI

25



MOO C't

4-)

00 C~0

-l LA C':;~ -r

0.0

0I -,\ c:4- .- , -r ) -Ma

en qr.nu-

Cf) LO (n

Ai 00 C~ CLA 0-,
wi oj AdCio " , -I. '

- ' -;:

0

1 '0 4AJ) ~ (J C.

(A aA

. - cu (UJ C
V 41 4 4

0 Xv1 .t

C

cm C:) C:)

4-) .6) .26



a-- Ln r.:a*

C1 -; C.-

V- 14- .

rcOi m -4.0 LnL;0 4 oL D0
- 0 r,% r o ) r r to - O r.-

5)C- -r -. ; (t) - I-"

U')14 Lf C')J r- o c,; r- Lf)

ad, I. c) U'- CY) m)

4. - -.- -a-- Z

I2 V- 0) C' a

(A - 1a >)>

4-) (a5-U) '
V to r7 a.- .L .-

o~~k C'.C) '.()(l~) '1. -Lt .

Lo LAI L". r-
(U LJ L

-~ 27



CIO ()

Ch .t C\J0 C\ ()

C~j Ln

-f r- Cj CZ
:1C O r- I'D *-. 0-a'

- 7 (: ( - - a) n 4

(\J C3 C

Im -; Cnon

-) Lc; r. - rn

o C) CC CO 4O- C.)- C.

-L 0 CO *4'-1 "-- 0l CO
*1 ON i0 CiO C)' CC

ca -T 0'4 -

0

z 1

0%L 0 0) CO c 0 Q)

L&J 40 a)- ~ nj '-

0 C i) CLJ 4 (J C

a'

22



- , c-i -

I-~~k L(r- C Ci-

S.-~cl Ili- -U ~ C
a ~ ~ ~ r CA' --- -.-

-c-.- -

S.. a) CD0)-d C ) 0c C\J LA 0 0

01l Co 0!2 lo

0)C' cCo LA C3-

0D CD CoC C N CO

~c0 -
r- 00.

-c 0

co Cli- C. Coi
o,~ C) ci: r- C'j ccs. kD Cr- .0 .o

m mC'j -:L') u cl'i mo M coc~ C o

L.j 44 .~s

.-j0
$4

F- w.0

0 431 a W

V ) >1 >)>

C4 0 -

4-4- Q)

CLC

00

00

Cc C CO)
01 01 V

0 o co

Of to



-~ ~ ~ 0 C- :~ C'- ~ -

0

z . ED '-

I.- (\Io

r-r- 4N c OL - . 'I.

C1 -ttcc :j L -

C:J CJ Kt 0

0 I..

.0

Ll . .N
N.3i i n i

CCA

0 0 00 c.,) .

03



0V CCoJ

rn 1.0r-

.~- cc-

- c - - C\

Mo co C:)

6, 
Col (V

0 c I LoV 0C( r- C'Lfl (L&) C O F-

,a" cn C;

4J coJ 0;,r cl- o CO -

0 Li, C M C c :

u ~ Go. cl Co :1 (

-'i 0
'j 

I~ 

C

C l 0o a) 0o ~()

C)~0 
4-)'- 'J

4) -) (V41 'J(

-U 0

Co CD

0) ) 9A'

.v 0 
c (J

0', > CT a)

(1) '1)

l) I -4-) 4-
Of cc

- 31



000
C(n C. ) -)) 2

m C)

qr CO - (N

CD C) LO C

C) LI - m -~

Sn - ~ O~CT. - -

.C;--- c5 C

CZ)

( co C) -l,- rz.CD ) ±C) Lo m CD~s CAJ0
C~C3 C\.JN rj\ 5CJ c\JC

-C)r mC~

C, L
I- 0 a) o 0 C C

0i +w CD
C)4-3 M)

4-4C 4-0 C .L

CC)

So

32



C) MOC. C\4O n

r-.-
t-co -'r LO %.D

CD Mn c2- to C~ 0OQ

C C

L))

-j~

-~ -c a-toca MnL -O .

-o~ 4.) ca CoIn t
0) ~ ~ Q 12 -. a '.r. n I

'00

Int OO O'to ~JC I'-- 33\



IAA

p 0

I-a)

co ~

L.f

40

co s Ols C~j --

LI

co r-- (0 ) X

0o - ..

LI0 - a)0 3

CA

10 W~ ( . 4) ~

sA - CL- NJ

(NJ .- ~~C') (JC') C.

ci: ~ - 5-' 5

I-34



00 -- r r- ' a

04 U') 1-'0 C '.

-n M - e - -

'0-
z r- km qT LO0 N.nC)r) Cj

* m C' C\)(0 '. -

U)14 - - - C -

04 r-: C; -LO

Li Go e
Lco;j - L C D C) u r N

o ~ ci en1~ ci', C\ .- M

>U LO COr,'f

-4

0 a'L) LX) 04C
U> - n >e- 4 0

CA ~ ai ~a

c. ~ 0' L)LC CO'~ ccn L)04 o-~4-.-

(9i v CD-CJ e -, ~ e' 4- 0e

en m m4-.-

,- - 35



AOL.E ,,

MUTAGENIC ACTIVITY RATIO

Salmonella/Microsome Assay

Substance Assayed: SRI6 [,-soIved in:- TM;

Date: 10 April 1981 Perfnrim - b-i. Sauer .............. .... .... . ....

Concentration Strain MUTAR HLITAk 1.oncentratior Strain MUTAR MUTAR
act act

10 ul/pl TA98 * * (;.C' TAI".3 0.4 .

2 ul/pl TA98 * 0.15 0.016 ulPlate TA

0.4 ul/pl 1 TA98 0.18 0.19 0.002 :/nlate TAI35 * 

0.08 ul/pl TA98 0.55 1 -

0.016 ul/pl TA98 0.09 * 10 ul/plate :TA1537 * *

0.0032 ul/pl TA98 * 0.07 .2 uL/plate TA1537 r * *

____ ___ _ ---_ ,0.4 ul/plate !TA1537 * *

10 ul/pl TAIO0 * " 0.08 ul/Plate jTA1537 * *

2 ul/pl TAI0 * i * .0!6 ul/plate i TA1537 * *

0.4 ul/pi TA1 0 * * 0.003? ul/plate TA1537 * -*

0.08 ul/pl TA1O0 * * 1 _

0.016 ul/pl TA100 * 10_ul/plate 1 TA53_ _-* *

0.0032 ul/pl TAIO0 * * ul'plate-TA1538 * 0. m

I /Pl sI T 1 3

iU ~ ~ ~ ~ ~ - ul/p TA53 -. 4-----~

10 ul./L TA1535 0.0 ,il/plate 1TA53,8 ..

2 ul/pl TA1535 * * 0.011 u/plate TA1538 * *

0.4 ul/ 1 TA1535 * 0.1 0.0032LTA1538 * *

*Calculated value resulted in a neqativo IIJTAR or iern MIITAR



TABLE 5B

MUTAGENIC ACTIVITY RATIO
Salmonella/Microsome Assay

Substance Assayed: M3535 Dissolved in: ETOH

Date: 10 April 1981 Performed by: Sauers

Concentration Strain MUTAR MUTAR Concentration Strain MLITAR MUTAR
act act

10 ul/pl TA98 * * 0.08 ul/plate TA535 * *

ul/pl TA98 0.14 * 0.016 ul/plate iTA1535 *

0.4 ul/pl TA98 0.28 0.26 0.0032 ul/plate iTA153r *

0.08 ul/pl TA98 0.09 *

L016 ul/pl TA98 * (.15 10 ul/plate - TA1537

0.0032 jl/pl TA98 G.6 0.26 2 ul/plate -TA537 ,*

u.4 ul/plate TA1537 * *

10 ul/pl TAIO * * 0.08 TA1537

2 ul/pl M* 0.016 ul/plate TA1537 *

0.4 u/pl TAO0 ** 0.0032 ulplate TA53/ • __*

U.08 ul/pjTAIO0 * -

0.016 ul l 1 TA 00 * * 0 ul/plate 
TA1538 

*

0.00 32 TAI0 04 ul/plate ___ TA1538 * *

IQ 1 )ZPL TA1535 * * 0.08 ulplate_ TA15381

2 ulpl TA1535 * * 0.016 ul/plate TA1538 * *

.4ulj_1/p TA1535 * * 0 ulJlate TA1538 * .3

• Calculated value resulted in a negative MUTAR or zero MUTAR
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TABLU 5',

MUTAGENIC ACTIVITY RATIO
Salmonella/Microsome Assay

Substance Assayed: DEET Dissolved in FTOH

Date: 10 April 1981 Performed by ..Saje.rs

Concentration Strain MUTAR MUTAR Cocentration Strain MUTAR MUTAR

act I azt

10 ul/pl TA98 * * 'O uiate 'TA1535 0.63 1.3

2 ul/pl TA98 0.28 0.48 '0.916 ul/plate TA1535 0.32 0.9.

0.4 ul/pl TA98 0.14 0.3 10.0032 u)/plate TAIt35 0.951 1.-

0.08 ul/pI TA98 0.23 0.07

0.016 ul/pl TA98 * * 10 ul/plate TA1S37*

0.0032 ul/pI TA98 0.32 0.15 I2,ulpiate * 

10.4 ul/plate TA1537

10 ul/pl TA1O0 * * Io. 1/plate TA1537 * i -

2 ul/pI TAIG0 * 0.05 0.01 ul/plate TA1537 * *

0.4 ul/pi WOO 0.04 - 0.0032 u!/plate TA1537j * _ 0.I4

0.08 ul/pi TA100 * WO* I

0.016 ul/pl TAIO0 * * 0 ul/plate TA1538 - * - *

0.0032 ul/pI TA1O0 * * *_/JeTA1538

___n.4 ,'plate !TA1538 *

10 ul/pl TA1535 * * j00!A<3 V 9i90

2 ul/pl TA1535 0.56 2.3 0.Jlb ul/plate TA1538 - *

0.4 ul/p_ TA1535 1.35 0.5 0.0032 ul/plate TA1538 o.81 0.0I
*Calculated value resulted in a negative MUTAR or zero MUTAR



TABLE 5D

MUTAGENIC ACTIVITY RATIO
Salmonella/Microsome Assay

Substance Assayed: DEET Dissolved in: ETOH

Date: 28 April 1981 Performed by: Sauers

Concentration Strain MUTAR MUTAR Concentration Strain MUTAR MUTAR
act actI

I0ul/pI TA98 * * 0.008 ul/plate TA1535 * 0.

0.2 ul/p _ TA98 0.09 0.0016 ul/plate TA1535 0.16

1. 04 ul/pl TA98 * * 0.00032 ul/plate 
TA1535 *

0.08 ul /Pl_ TA98 0.09 * -*

0.0_016 _ulpl TA98 * * ul/plate TA153 *_ 0.3

0.00032 ull/pl TA98 0.2 ul/plate TA1537 _* 1

0.04 ullplate TA153 _ _

_ uip TAIO0 * 4 0,008 ullPlate TAI53 *53

0.2 ul/pl TAIO0 * * 0.0016 uljplate TAI1538_ *_ _3_*

0.04 ul/pl TAO1 * * 0.00032 ul /plate _TAI533_ * *

- .0.008 ul pl A IO0, O.m s*

0.0016 ul/ol__ *TlO I 111_TAIS.R * t--

0-00032 ul/pl TAlnn * __ u1,llte. TA1538 -___* .... _

....... . .q.04. u.!]plate _~ rA532',. .

0.2 ul/pl TA1535 * .* 0.0016 ul]y1ple- TA538 . . .

• Calculated value resulted in negative MUTAR or zero MUTAR
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DAbLE L

MUTAGENIC ACTIVITY RATIO
Salmonella/Microsone Assay

Substance Assayed: RH-393 Disolved in: E0H

Date: 10 April 1931 Perfor:e,_! by: _ _ers

Concentration Strain MUTAR MUTAR i uoncentration Strain' MUTAR MUTAR
act act

10 ul/p TA93 1.02 0.22 0.08 ul/plate TA1535 .82 1 4_.3 _3

. 2 ul/pl TA98 0.42 1.75 0.016 ul/plate TA1535_ 1.9 . .2

v.4 ul/pl TA98_ 0.18 0.45 10.0032 ul/plate .TA1535 .1.11 3.2 _

0.08 ul/pl TA98 0.32 1.08 - .... -

0.016 ul/pl TA98 0.42 0.52 I Ilate TA1537 1 ,

0.0032 ul/pi TA98 0.14 0.63 .uIplate TAIb37 * *

- ~ **~ 0.4 ul/plate TA1537 * *

10 ul/pi TAIOO 0.65 0.63 10.08 ul/plate I TA1537 * *

2 uliP_ TA1 0_ 0.54_ O.19 0.016 ul/plate TA l537 0.41

0.4 ul/pl TAOO 0.31 n I. , 0. 0032 ul/blate 1T1537 * *
___ __ - -_ __ - ---- -- __ ___ -

0.08 ul/pl TA1O0 0.19 ?I .7 J , . .

0.016 ul/pl TA0O * J.16 it .11i/late TA1538 *

0.0032 ul/p AlOO 0.06 0.10 ' /r)late TA1533 * 0.3
I /p r¢, :I- , , (16 i

10 ul/pl TA1535 2 * I 5. - -t/p a'te_ TA I , I? o.3
. .... r.01 ul!,P late TAl:,3 ). 0.G1_74 .)_ . .. .

2 u1/ 1 53 2.7 .') 0.)16 _uI/jldtP - TA I . r) .61

0.4 ul/p1 TA1535 1.75 _4.0 j0.0032u/plate ITAI * , 91

* Calculated value resulted in n-natjve rIITAR or 'or M'"TA.

L ,11it



TABLE 5F

MUTAGENIC ACTIVITY RATIO
Salmonella/Microsome Assay

Substance Assayed: RH-398 Dissolved in: ETOH

Date: 28 April 1981 Performed by: Sauers

Concentration Strain MUTAR MUTAR Concentration Strain MUTAR MUTARi
act act

1 ul/pl TA98 0.18 * 0.008 ul/plate TA1535 0.4 0.8

0.2 ul/pl TA98 * * 0.0016 ul/plate TA1535 * 0.7

0.04 ul/pl TA98 * * 0.00032 ul/plate TA1535 * 0.3

0.008 ul/pl TA98 0.18 *
0.0016 TTA1537 0.33 9.27
0.0016 ul/pl TA98 0.05 0.19 1 ul/plate TA1537 0

0.00032 ul/pl TA98 0.05 0.07 0.2 ul/patejTA1537 * *

0.04 ul/plate TA1537 0.16 *

1 ul/pl TAiO 0.19 * 0.008 ul/plate TA1537 0.33

0.2 ul/pl TAlO0 0.03 * 0.0016 ul/plate TA1537 * _____

G.u4 I,/ A TAIO0 * * 0.00032 ul/plate TA1537 0.16 _ *

0.008 ul/pl TAIOO 0.01 -- j
0.0016 ul/pl TA100 0.11 * ul/plate TA1538 - * * I

0.00032 ul/pl TA1O0 * * 0.2 ul/plate TA1538 * 0.06

0.04 ul/plate TA1538 * •

. ul/pl TA1535 0.87 1.5 0.008 /plate TA1533 ... _ 1
.. 0.2 ul/pl TA1535 * 0.5 0.0016 ul/plate TA1538 , ,

0.04 ul/pl TA1535 * * 0.00032 ul/plate TA1538 * *

* Calculated value resulted in negative MUTAR or zero MUTAR
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MUTAGENIC ACTIVITY RATIO
Salmonella/Microso(rle Assay

Substance Assayed: CHR3 Dvsolved in: ETOi

Date: 14 April 1981 Performed by: Sauers

Concentration Strain MUTAR MUTAR Concentration Strain MUTAR MUTAP
act act

1 ul/pl TA98 0.28 * 0.008 ul/plate TA1535 0.55 1.6
0.2 ul/pl TA98 0.28 0.22 0.0016 ul/plate TA1535 0.43 0.4

0.01 l /pl.e- -

0.04 ul/pl TA98 0.23 0.34 0.00032 ul!/late TA1535 0.32 10.6

0.008 ul/pl TA98 0.14 0.78 _

0.0016 ul/pl TA98 0.05 0.37 1 ul/plate TA1537 0.33 *

0.00032 ul/pl TA98 * 0.45 0.2 ul/plate TA1537 1 0.16 *

0.04 ul/plate TA1537 0.49 0.14

1 ul/pl TA100 0.12 * 0.008 ul/plate TA1537 0.33 0.41

0.2 ul/pl TAIO0 0.10 0.0? 0.0016 ul/plate TA1537 0.16 0.14

0.04 ul/pl TAI0 0.01 * 0.00032 ul/plate TA1537 * 0.14

0.008 ul/p1 TAIO0 0.16 0.17  - -

0.0016 ul/pl TA100 0.05 10.15 1 ul/plate TA1538 1.19 *

0.00032 u4/p__ TA100 0.06 0.09 0.2 ul/plate TA1538 * 0.61

0.04 u/plate TA1538 * 0.36

1 ul/pi TA1535 0.71 0.40 0.008 ul/plate TA1538 * 1.15

0.2 ul/pl TA1535 * .10 0.0016 ul/plate TA1538 .* . 67

0.04 ul/p1 TA1535 0.16 0.80 0.00032 ul/plate TA153 * 0.42

• Calculated value resulted in i negative MUTAR or zero MUTAR
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TABLE 5H

MUTAGENIC ACTIVITY RATIO
Salmonella/Microsome Assay

Substance Assayed: RH-398 Dissolved in: ETOH

Date: 19 Auqust 1981 Performed by: Sauers

Concentration Str-ain MUTAR MUTAR Concentration Strain MUTAR MUTAR
act ant

1 ul/plate TA 98 0.36 0.19 0.008 ul/plate TA 1535 0.45 *

0.2 ul/plate TA 98 0.32 0.14 0.0016 ul/plate TA 1535 0.27 0.13
0.04 ul/plate TA 98 0.48 0.24 0.00032 ul/plate TA 1535 0.19

,0.008 ul/plate TA 98 0.12 *

1ul/pl. TA 98 0.20 * 1 ul/plate TA 1537

0.00032 ulpl. TA 98 * 0.2 ul/plate TA 1537 * *

--- 0.04 ul/plate TA 1537 * '0.15

1 ul/plate TA 100 0.21 0.02 0.008 ul/plate TA 1537 * *

0.2 _/plate_ TA 100 0.14 0.04 0.0016 ul/plate TA 1537 * *

0.04 ul/p1ate TA 100 0.33 0.17 0.00032 ul/plate TA 1537 * 0.15

0.008 ul/plate TA 100 0.16

0.0016 ul/pI. TA 100 *1 ul/plate TA 1538

0.0003ul1IL TA 100 * 0.2 ul/plate TA 1538 * -- _*

0.04 ul/plate TA 1538

ilullpiWe -- A 1535 0.64 0.13 0.008 ul/plate TA 1538

0.2 u !plate TA 1535 0.55 0.13 0.0016 ul/plate TA 1538

LO.O_4 ulp ate TA 1535 0.45 * !0.00032 ul/plate TA 1538 *

• Calculated value resulted in negative MUTAR or zero MUTAR
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